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Abstract: The cycling characteristics and low specific capacity of LiMn,04 have always been the greatest obstacle to its

commercialization. For the improvement of cycle performance, the surface of LiCop. osMn; 9504 was coated with very fine

Si0y T1i0, composite prepared by sot gel method. T he structure and morphology of the coating materials were investigated

by X-ray diffraction (XRD) and scanning electron microscope (SEM). The electrochemical performances of uncoated and
Si05Ti0; coated LiCog. osMny. 9504 spinel at 25 C and 55 C were studied with a voltage range of 3.0 ~4. 35V and a cur
rent density of 0.1 mA/ em?. There is a slight decrease in the initial discharge capacity of coated LiCog osMnj 9504( 119
mA*h/g) compared with that of uncoated (123 mA*h/g). However the cycle ability of LiCop osMn; 9504 coated by SiO5
T1i0, is improved. It is proposed that surface treatment is an effective method to improve the cycle performance of LiCoy. o5

Mn; 95s04. The surface modification is successful in minimizing the harmful side reactions within the batteries by placing a

protective barrier layer between the oxidizing cathode material and the liquid electrolyte.

Key words: lithiunrion batteries; surface modification; SiO;Ti0; coating; LiCog gsMny, 9504 cathode

CLC number: TM 911.1

Document code: A

1 INTRODUCTION

Since the first commercialization by Sony Corpo-
ration in the early 1990s, the lithium-ion battery
(LIB) has become a major product to dominate the
Further
more, Lrion batteries are expected to be used as a

market for small rechargeable batteries.

large scale energy storage device for electric vehices
(EV)t,

Though various types of cathode materials such
as LiCoO,, LiNiO,, LiMn,04, and substituted tran-
sition metal oxides are currently used in commercial-
ized Lirion batteries'>®, 1iCo0O, in these cathode
materials is most widely used because of its excellent
cycle life and rate capacity. Moreover, cobalt is a rel-
atively rare and very expensive transition metal, at-
tention has been paid to LiMn2O4 to take advantage of
its low cost and environmental friendly nature over
LiCoO,. But the cycling characteristics and low rate
capacity of LiMn;04 have been the greatest obstacle
to its commercialization! *!.

Some improvements of the spinel LiMn,04 were
made by controlling the specific area, the Li stoi
chiometry and the annealing conditions. And a signif-
icant effort was devoted worldwide to understand the
mechanism of the capacity fade, which has been con-

tributed to the Jahn-Teller distortion caused by the

presence of Mn> , Mn dissolution, electrolyte de-

composition[6_9]. Two major paths to improvement

have been pointed out. 1) Structure modifica

tions! 17121

Cation substitution and subsequent con-
trol of Mn oxidation state were successfully used to
enhance the room temperature cycling of LiMny_ ,
M,04(M= Li, Co, Cr, Mg, Fe) through controlling
the average oxidation state of the manganese cation.
The increased concentration of tetravalent manganese
resulted in the improved cycling stability of the
spinel. Amatucci et al'"*! considered the anion substi-
tution of oxygen for fluorine and studied the effect of

fluorine substitution on the chemical and structural

stability of the spinel LiM;Mny- , Os- . F, (M = Li,

..). 2) Surface modification' " : Based on the fact

that Mn dissolution occurs at the interface between
electrolyte and LiMn,04, Tarascon et all” reported a
simple way to improve the poor cycle stability at ele-
vated temperature through fabricating a material with
low surface area. Particle coating was achieved by en-
capsulating the spinel surface either with a lithium
boron glass or other Lrbearing oxide glasses. An al-
ternative method was the removal of the LiMn,04 ac
tive surface centers through a complexing reaction
with acetylacetone( AA) .
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Although these approaches have not completely
solved the high

LiMn;04, at least it pointed out the importance of a

temperature issue intrinsic to

better control of the electrode/ electrolyte interface
through the design of new solid/ solid or solid/ liquid
interface. Based on the same concept, successful
modifications of the spinel surface layer by treating
the powders with alkalrhydroxide solutions followed
by a high temperature calcination produced spinel
powders with enhanced storage performances.

In this paper, a solgel method was applied to
coat a thin composite layer of SiO»=Ti0> on the sur
face of the spinel LiCoo 0sMni 9504 particles. The
surface modified LiCog gsMni 9504 cathodes showed
good electrochemical charge/ discharge cycling perfor-
mance.

2 EXPERIMENTAL

The powder samples of LiCog osMn; 9504 were
synthesized via a conventional solid-state reaction
which used the stoichiometric amounts of electro-de
posited mangnese dioxide( EMD), LiCO3, CoCOs.
They were mixed thoroughly by balFmilling. The
mixture precursor was heated to 600 C and calcined
for 18 h at 600 C, then calcined for 18 h at 750 C,
and cooled slowly to room temperature. The LiCoo. o5
Mni 9504 powder was obtained.

The approach for applying coating via solgel
method was as follows. The coating precursors of
ethyl silicate ( Si( OC;Hs)4) and tetrabutyl titanate
(Ti(OC4Hog) 4) (The molar ratio of Si(OC2Hs) 4to Ti
(OC4Ho9)4 is 1: 1) were dissolved in ethanol, then
LiCop. 0sMny. 9504 powder was added to this coating-
solution so that the total amount of the coating solu-
tion corresponded to 1% ( mass fraction) of the Lt
Cop.0sMn; 9504 powders used, and a constant stirring
was followed. Then it was gently heated to 70 = 80
‘C until the solvent was completely evaporated. Dur-
ing the course of the process, Si(OC;Hs)s and Ti
(OC4Hy) 4 were first hydrolyzed into alkoxides or ox-
ides through reaction with H,0 in the atmosphere.
The powders were then retained at 500 C for 10 h.
Finally the mixture was naturally cooled to room tem-
perature, and the SiO~Ti0 coated LiCoo.0sMni. 9504
was prepared.

The morphology change of the powders was
characterized with a scanning electron microscope
(SEM, KYKY-2800). The surface composition of
the powders was analyzed using a scanning electron
microscope equipped with energy spectrum ( SEM,
KYKY-2800). X-ray diffraction ( XRD, Japan, D/
Max-RB) using CuK, radiation was used to identify
the crystalline.

The electrochemical charge discharge tests were
done using the cathode prepared with the mixture of

80% ( mass fraction) LiCog gsMnj 9sO4 or surface
treated LiCog osMn; 9504, 10% acetylene black( AB)
and 10% polytetrafluornethylene( PTFE) . The sepa-
rator was a Celgard 2400 microporous polylene mem-
brane. The lithium metal was used as anode in this
study. The electrolyte was 1.0 mol/ L. LiPF¢/ EC+
DEC(1: 1, volume ratio) . The cells were assembled in
a glove box filled with ultrapure argon gas. The
charge-discharge cycling was glavanostatically per-
formed at constant current density of 0. 1 mA/cm’
with a voltage range of 3.0~ 4.35 V(vs Li/Li" ) us-
ing a LAND CT2001A computer controlled battery
testing system at 20 'C and 55 C, respectively.

The cyclic voltammetry curves of the modified
pow ders were measured by the microelectrode method
on Model 273A Potentiostat/ Galvanistat controlled by
computer using M 270 software. The working micro-
electrode was made by filling the powders into a mr
crocavity at the tip of a Pt microdisk electrode. A
suitable lithium sheet was used as both counter elec
trode and reference electrode.

3 RESULTS AND DISCUSSION

3.1 Physical properties

Fig. 1 shows the X-ray diffraction patterns of the
uncoated and coated LiCoo.0sMni. 9504 powders. The
pattern of uncoated LiCoo. o5 Mni. 9504 powders indi-
cates that the material is pure spinel phase. It can be
observed that the pattern of the surfacetreated
LiCop. 0sMn; 9504 powders is almost the same as that
of uncoated one. The absence of any other signals in
the spectra indicates that the coated SiOTiO;, is
probably not crystal, but amorphous in nature.
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Fig. 1 XRD patterns of uncoated(a) and
Si0,Ti0, coated( b) LiCO(), 05Mn1_ 9504

Fig. 2 shows the surface morphologies of the un-
coated and surfacemodified LiCog. osMni 9504 with
Si0~Ti02 composite. The surface morphology of the
uncoated LiCop osMnj 9504 is very clean and smooth
without any foreign phases. In comparison, the sur-
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face morphology of the surface-modified powders is
blurry, and most of the angular features have been
round.
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Fig.2 SEM morphologies of uncoated(a) and
Si0,-T10, coated( b) LiCO()_ 05M ni, 9504

The crystalline grains are obviously coated with a
lot of infinitely small flakes. The above modification
in morphology may be the result of presence of a
Si0,-T 10, coating.

T he surface composition of the pow ders was ana
lyzed by using EDS, as shown in Fig. 3.

3.2 Electrochemical performance

The electrochemical performance of LiCog s
Mn1_9504 and Si0T10, coated LiCOo_osMnl_gs Oy at
temperature of 25 C was tested in Li half-cell. The
typical charge-discharge curves of different samples at
a current density of 0. 1 mA/cm® are presented in
Fig. 4. The first discharge rate capacity of uncoated
LiCop. 0sMn; 9504 is 123 mA * h/g with a two-step
voltage profile. The Si0-T1i0,
LiCoo.0sMn1.9504 behaves similarly, as far as the

coated

shape of discharge is concerned. There is some slight
decrease in the discharge capacity (to 119 mA<h/g)
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Fig. 3 EDS analysis of coated LiCoo. osM ni.9504
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Fig. 4 Charge and discharge curves of uncoated
and coated LiCog osMn; 9504 powders at 25 C
and at a current density of 0. 1 mA/cm’

relative to uncoated LiCog. 0sMn1.9504. But it can be
found that the cycle performance of LiCog osMn;, 9504
coated by SiOTi0; has evidently been improved.

The electrochemical cycling behaviors of uncoat-
ed and SiOxTi0; coated LiCop osMnj 9504 spinel at
higher temperature of 55 C were examined, using a
voltage range of 3.0~ 4.35V and a current density of
0.1 mA/ cm®. The resulting data are plotted in Fig.
5. From the figure, it can be found that SiO;-TiO,
coated LiCoo 05 Mnj 95 O4 has better cycling perfor
mance, though its initial specific capacity is slightly
lower than that of uncoated one.

The wuncoated LiCog gsMnj 9504 loses about
16.22% of the initial discharge capacity (123. 38 mA
*h/g) in 20 cycles. But the SiOyTiO; coated Li
Coo.0sMn1. 9504 exhibits much better behavior, it los
es about 8. 75% of its initial discharge capacity ( 119.
07 mA+h/g) during the same number of cycles. So,
it is very safe to say that the SiO-Ti0; surface treat-
ment has improved the high temperature performance
of LiCog.osMni.9504.

In order to study the electrochemical perfor
mance of LiCop osMni 9504 surface treated by SiO»
Ti0,, another specific experiment was done. Fig. 6
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Fig. 5 Cycling stability of uncoated and SiO»-Ti0,
coated LiCO()_ 05Mn1_9504 at 55 C
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Fig. 6 First cyclic voltammetry curves of
Si0,-Ti0, coated LiCOo_ 05M ni. 9504 at

scan rate of 0.2 mV/s

shows the initial cyclic voltammetry curves of surface
treated LiCog osMn; 9504 cycled between 3. 3 V and
4.5V at ascan rate of 0. 2 mV/s. The cyclic voltam-
mogram of surface treated LiCoo.os Mnj. 9504 sample
presents two couples of peaks which represent two re-
dox reactions for LiCog osMnj 9504(4.08 ~4.01 V,
4.16~3.84 V).
spond to the typical two step reversible
(de) intercalation process of lithium in surface treated
LiCOO. 05M ni, 9504.

It can be seen that the two couples of redox
peaks change into one couple of peaks when the scan
rate increases rapidly( Fig. 7). It is demonstrated that
the reaction at 4. 16 ~ 3. 84 V is more stable than the
others. This may influence the capacity when charge
and discharge at an increased rate. Fig. 7 also indr
cates that the voltammogram plots of SiO>-Ti0, coat-

These two couples of peaks corre-

ed LiCop.0sMni 95504 in the first two cycles overlap
each other completely. These demonstrate the im-
proved structural stability of the material.

The SiO>Ti0> coating prevents the direct

LiCoo.0sMn1. 9504 coated by
Si0yTi0, at scan rate of 2 mV/s

contact of the spinel with the electrolyte, and sup-
presses Mn disslution which is the principal cause of
capacity loss. In this way, the Si0>-Ti0, layer func
tions primarily as a barrier coating.

4 CONCLUSIONS

The surface of LiCoo.0sMni. 9504 was encapsulat-
ed with fine SiO2-T1i0; particles as a coating material
for improving its cyclic properties at room tempera
ture and elevated temperature. The initial specific ca-
pacity of coated LiCoo 0sMni 9504 is slightly lower
than that of uncoated one. The uncoated LiCoo. s
Mn; 9504 loses about 16. 22% of the initial discharge
capacity (123. 38 mA *h/g) in 20 cycles, while the
Si0-Ti0, coated LiCoo.05 Mni. 9504 exhibits much
better behavior, it loses about 8.75% of its initial
discharge capacity ( 119. 07 mA-<*h/g) during the
same number of cycles. The reason for the improved
elevated temperature properties is that the surface
coating reduces the dissolution of Mn, which results
from the suppression of the electrolyte decomposition.
The surface modification is an effective way to im-
prove the electrochemical performance of LiCoo,os
Mn; 9504 material for lithium ion batteries. The sur-
face modification is successful in minimizing the
harmful side reactions within the batteries by placing
a protective barrier layer between cathode material
and the liquid electrolyte.
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